Abstract-The special characteristics of kinematics and workspace of 7-DOF upper-limbed rehabilitation robot is studied with the combination of the methods of theoretical analysis and simulation. Firstly, D-H transformation matrix is applied to establish the kinematics model. Secondly, the three-dimensional model of the rehabilitation robot is established in Pro/E and imported into ADAMS/view for the kinematics analysis. And the final simulation results are concurred with theoretical curves, which verified the correctness of theoretical analysis. Finally, the workspace analysis based on the theory of Monte Carlo provided a basis for the robot trajectory scheme.
INTRODUCTION
As a new emerged technology, rehabilitation treatment has been rapidly developed. Rehabilitation treatment technology plays a very important role in the treatment of a variety of diseases, disabilities and accidental injuries. Besides, it attracts more attention and has deep social significance and broad application prospect [1] . Rehabilitation robot is a product of the combination of the industrial robot technology and medical robotic technology, which is an important part of medical robot. The study of upper-limbed rehabilitation robot in foreign countries started earlier than in domestic and made a lot of achievement, such as 7-DOF new upper-limbed rehabilitation robot CADEN-7 designed by J.C. Perry, a professor of Washington university; a rope driven 6-DOF upper-limbed rehabilitation robot MEDARM designed by Canadian Queen university; the upper-limbed rehabilitation robot system MIME developed by VA/Stanford University; the upper-limbed rehabilitation robot GENTLE/S designed by the combination of European multinational which was led by the Reading University in England. Most of the rehabilitation robots have been used in clinical treatment, and achieved effective treatments [2] .
In domestic, most of the higher automatic medical equipment is imported, not only cost higher but also brought a lot of inconveniences. With the rapid development of science technology in domestic, the related technology such as computer technology, sensor technology and biomedical technology have been greatly improved. The study of rehabilitation robot overall equipment conditions are ripped which got more attention of researchers [3] . Tsinghua University was the first one studied rehabilitation robot in the country. In early stage, 2-DOF upper limb rehabilitation robot system which is similar with MIT-Manus function was developed. Song Aiguo and other researchers in Southeast University have developed a 3-DOF traction rehabilitation robot system. The system can be used in two different operating modes of upper limb rehabilitation training, and may also be used to the rehabilitation of lower extremities. And the system uses MR (magnetorheological fluid) to achieve the change of resistance of the training system by changing the damping. China's Harbin Institute of Technology, Beijing Technology University, Huazhong University of Science and Technology have also been doing relative researches, and get a certain amount of research findings. [4] As a result, the nationalization of rehabilitation medical automation equipment is inevitably and feasibly.
Three-dimensional entity model and mechanism diagram of mechanical arm part of the upper-limbed rehabilitation robot which is studied in this article is shown in figure1. The main structure is a serial 7-DOF of upper-limbed rehabilitation robot, and the shoulder, forearm and wrist joints are composed by serial revolute pairs the axes of which are intersect at one point [5] . The rotation of the elbow joints is accomplished by the 4th joint which made the two halves together. The speed and acceleration of joint, the position and posture of the terminal actuator can be controlled by the controlling the parameters of joint angles [6] .
II. THE ESTABLISHMENT OF THE MATHEMATIC MODEL FOR KINEMATIC ANALYSIS
Firstly, the base coordinate is established in the rack of upper-limbed rehabilitation robot and reference coordinates are established in the center of revolute joint. Secondly, the homogeneous transformations matrices are calculated between two adjacent coordinates from the base coordinate system to the last reference coordinate [7] . Finally the homogeneous transformation matrix of the whole rehabilitation robot 7 T is sθ = θ θ = θ , the similar to the next.)
The position and posture parameters in Table. 1 are plugged into Equation (1) and the D-H transformation matrix of joints reference coordinates are determined, as shown in the following equations [9] . 
T T T T T T n o a p
The variable quantities in the matrix can be acquired by the following equations: The parameters in Table. 1 are plugged into the Equation (2) to verify the correctness of the initial position and posture matrix 0 7 T . 
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The direction vector in base coordinate system of axes x 7 which on the terminal actuator within reference coordinate system is acquired by Equation (3)
The direction vector in base coordinate system of axes y 7 which on the terminal actuator within reference coordinate system is acquired by Equation (4) T
The direction vector in base coordinate system of axes z 7 which on the terminal actuator within reference coordinate system is acquired by Equation (5) T
The direction vector in base coordinate system of axes o 7 which on the terminal actuator within reference coordinate system is acquired by Equation (6)
Which is equal to the initial position and posture and the positive solution of kinematics is proved to be available in preliminarily.
IV. INVERSE SOLUTION OF KINEMATIC ANALYSIS
Inverse kinematics is a process to solve the angular displacement of joint, with the condition of the position and posture on the terminal actuator has been got, which is the necessary precondition to study the control of rehabilitation robot and lays the theory foundation of trajectory scheme and control.
The robot inverse kinematics solvent is conducted, according to the kinematic regularity of human body and a known requirement. At first, a transitive coordinate system is established whose original point at (0, -d5), directions of axes are in paralleled with that of the coordinate system o 4 . Then the original problem can be translated to the problem of solving joint angles in the conditions that the point and posture (1) Solutions of 1 2 3 4 , , , θ θ θ θ 
The following equations can be acquired from the Equation (7).
The following equations can be acquired from the Equation (8) The following equations can be acquire from Equation (13) 
The angle of 5 6 7 , , θ θ θ can be determined, 2 5 6 arccos sin
arccos y a θ = ; 2 7 6 arcsin sin
The inverse solution of the angle of revolute joints are solved by the transition coordinate system and the original point position in the base coordinate system and transition coordinate, which proves the basic theory to the research of control the rehabilitation robot. θ =°, 5 90 θ =°, 6 90 θ =°, 7 0 θ = , which is the same with the initial parameters in the Table. 1 and the availability of kinematics reverse solutions are proved to be available in preliminarily.
V. THE SIMULATION IN ADAMS AND MATLAB
For the purpose to further confirm the correctness of kinematics analysis. Two different measures are taken. The first one is draw the displacement curve of the reference point on the terminal of the robot by MATLAB based on the above theoretical analysis of the calculation results. The other one is got the displacement curve by simulation in ADAMS software [11] .
The program in MATLAB is made based on the theory of kinematics analysis [12] , the motion curve of the reference point on the terminal actuator within the base coordinate, as shown in Fig.3 . The three-dimensional model created in Pro/e is leading-in the software of ADAMS and the pair of element is set by the plug-in components of Mechanism/Pro according to the position and posture of joints. The meaning point on the terminal actuator is set as Mark 195 while the original point of the base coordinate system is set as Mark 196 as shown in Fig.4 . The displacement curve of the actuator in the base coordinate system is outputted after motion simulation, in the post process model, as show in Fig.5 . 
VI. THE WORKSPACE ANALYSIS
The problem of work space is to research the working performance of robot from the aspects of geometry, which is an important index to measure the robot working ability [13] . Workspace analysis is a necessary process to determine or verify the link size parameters of the robot [14] . In order to study the maximum workspace of rehabilitation robot, the Monte Carlo method is used to generate images of the workspace. The last three mutually perpendicular joint has no effect on the reference point on the terminal actuator, simply determined the position and posture of reference point according to the position equations of the reference point, so the robot workspace are flexible. The size of the space can be got from Fig.6~9 , and the trajectory points should be far away from the boundary, especially the boundary exist gaps when planning the motion trajectory of the robot. It can be a reference when explore the workspace of robot and the research of interference in human body.
CONCLUSION
The kinematics analysis of 7-Dof upper-limbed rehabilitation robot is approached with D-H transformation matrix. The experiment of comparing the position curve of the reference point on the terminal actuator in theory with the simulation curve from ADAMS verified the correctness of kinematics analysis. The analysis of rehabilitation robot workspace based on the Monte Carlo method and the point diagram of working space drawn in MATLAB laid the foundation of the trajectory scheme of the reference point on the terminal actuator and the motion control.
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